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I NTRODUCT ION

A difficult calculational problem has been that of computingla~tgnuation
factors for gamma radiation within a two-legged duct in concrete. ' ' It has
been found that the following formula can be used to obtain approximate answers

H 0.907
S()2.864

L= 0.25 2.534 L2. 6 6 7 E0. 7 1 0

where

D = dose rate in mr/hr outside the shelter

D = dose rate in mr/hr inside the shelter

H = height of entranceway in feet

W = width of entranceway in feet

LI= length in feet of first leg of duct

L2 = length in feet of second leg of duct

E0 = average energy of gamma radiation in Mev

This method of calculation can be used for fallout radiation. It does
not consider penetration of radiation through the walls or ceiling of a shelter,
but is concerned entirely with that radiation which streams through the shelter
entranceway. The formula is valid when the following inequalities are true

0.662 • E 0 3.000 Mev

1.0 : H • 6.0 feet

1.0 & W • 6.0 feet

2 • L s 36 feet

I H 1/W < 2

L/1 M 6

L 1H 6

S/W 0 2

I /W .



The formula has a safety fector already incorporated into it, so that
one can be 95 percent certain that the actual attenuation factor, D/D 0, is
at least as small as the attenuation factor calculated by the formula.

USE OF THE FORMULA

The basic formula with which this note is concerned can be written in
a slightly simplified version as follows

0.907
(-)2.864

=20.25 .2534 L 2.567
DO LI L2

In this case, the energy term has been omitted. The reason for this
simplification is that the mean effective energy of fallout'radiation is
approximately 1 Mev. Since unity raised to any power is still unity, the
energy factor cannot appreciably change the final answer as long as only
fallout radiation is considered. (If the higher energies of gamma-ray
initial radiation are to be considered, the more complete equation shown
in the Introduction must be used.)

Figure 1 shows an example of a two-legged duct leading Into a shelter.
The dimensions'of the duct, as they are normally measured, are shown.

Consider a sample problem:

Calculate the dose rate attenuation provided by a shelter entranceway
if .he cross section of the duct is 6 feet high by 4 feet wide, the length
of the first leg is 12 feet, and the length of the second leg is 14 feet.
Assume the effective gamma-ray energy is 1 Mev.

Substitution of the values given above into the simpler version of
the empirical formula gives

6 .907D(4) 4 42,864

0 = 0.25 . 4~6
o 122.534 142.667

Wilth a log-log sliderule, the above equation can be solved to give

S=0.25 (1.445) (53)
Do (545) (1130)

_ = 3.11 x 10-5
D
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Another way of solving the equation is to use logarithms. The solution

is then obtained as follows

log (0.25) = 9.39794 - 10

log (1.50 ) = 0.907 log 1.5 = 0.907 (0.17609) = 0.15971

log (42.864) = 2.864 log 4 2.864 (0.60206) = 1.72430

log (numerator) = 11.28195 - 10

log (122"534) = 2.534 log 12 = 2.534 (1.07918) = 2.73464

log (14 2667) = 2.667 log 14 = 2.667 (1.14613) = 3.05673

log (denominator) = 5.79137

log (D/Do) = (11.28195 - 10) - 5.79137

log (DID0 ) = 5.49058 - 10

D/D = 3.0945 x l10

Still another way to solve the given problem is to use the graphs given
in Figures 2, 3, 4, and 5. The same problem is worked as follows:

(1) Note that H/W = 1.5. From Figure 2, read (H/W) 0 "9 0 7 = 1.45. This

is the eccentricity factor corresponding to H/W = 1.5.

(2) From Figure 2, read the width factor corresponding to W = 4 feet.

This value is 50.

(5) From Figure 3, read the first leg factor corresponding to L 1 12 feet.
The flctor is 500.

(4) From Figure 4, read the second leg factor corresponding to L = 14 feet.
One obtains 1200.

(5) Multiply the constant factor, 0.25, times the eccentricity factor
ind the vidth factor. Then divide by the product of the two leg factors. The

wer is found to be

3



D = .25 1.45 x 50
D 0500 x 1200

0

S=3.02 x 10 5
0

This answer is accurate enough for shielding calculations.

NOMOGRAM

A nomogram has been developed to solve two-legged duct problems, as
shown in Figure 6. The sample problem can be solved nomographically.

The data given for the duct dimensions were

H = 6 feet
W = 4 feet

L = 12.feet

L2 = 14 feet

The value of H/W = 6/4 = 1.5 is needed for the nomogram calculation.
The solution is obtained as follows:

Draw a straight line from 14 on theL I scale to 12 on the L2 scale.
Note where this line intersects the vertical line between the L, scale and
the L2 scale.

Next, draw a straight line from 1.5 on the H/W scale to 4 on the W
scale. Note where this line intersects the vertical line between the H/W
scale and the L2 scale.

Now, draw a straight line between the two intersection points determined
above, and note where this line corsses the D/D scale.0

Using the nomogram of Figure 6, one obtains for the answer to the sample
problem

D = 3.5 x 10-5

0

Although this method is less accurate than the other methods for solution
of the two-legged duct problem, the nomographic technique is still sufficiently
,c•.urate for, most practical purposes.
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SAMPLE PROBLEMS

Twelve sample problems are now given to allow an opportunity for practice
with any or all of the three calculational techniques described in the previous
section. Duct dimensions in feet are taken to be the following values:

LI L2 H W

11. 18. 5.2 4.8

16. 17. 4.1 3.0

20. 20. 3.7 2.9

19. 8. 4.2 2.2

29. 25. 5.1 2.6

25. 15. 5.2 4.0

14. 12. 2.9 2.9

30. 16. 5.7 4.1

24. 14. 5.1 3.0

18. 24. 4.5 3.6

8. 14. 3.3 3.0

17. 21. 5.8 5.0

The problems with their answers are shown in Table I. In case the E-type
notation is not Familiar, it is explained by the following example:

0.4218E-04 = 0.4218 x lO-4

CONCLUS I ON

A simple empirical formula has been described for calculating the gamma-ray
dose attenuation factor of fallout radiation within a two-legged duct with one
right-angle bend. The formula can be used in the field as a guide in the design
of entranceways, escape hatches, or air ducts leading into shelters.
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Table 1 . Attenuation Factors for Sample Ducts

LL 2H W Attenuation

H1. 18. 5.2 4.8 .2476E-04

16. 17. 4.1 3.0 .3586E-05

20. 20. 3.7 2.9 .1126E-05

19. 8. 4.2 2.2 ..9648E-05ý

29. 25. 5.1 2.6 .2616E-06

25. 15. 5.2 4.0 .3520E-05

14. 12. 2.9 2.9 .8705E-05

30. 16. 5.7 4.1 .2129E-05

24. 14. 5.1 3.0 .2625E-05

18. 24. 4.5 3.6 .1648E-05

8. 14. 3.3 3.0 .2862E-04

17. 21. 5.8 5.0 .6515E-05

7



---- 4

- I

A

C 1 1�

I I

--..s. (

- - - - - / -.

� - - -

( 0

'1 -- - , 1,

I
91m �v

- 7 / S
L

* S

� -

'V -c
/ U

/ 'I ,,/ / - I ....

-- --- " -

IL



1. 
o

1 - -70-1 .....j.9 - T!"F ..... i f:I: -
-.. . .. ..--- , , - -

1.8 • __ - . .. .-
I 

I

- _l_--- -- -- -_

I.',

YW 14/

1.6 - - - - - - - - -

I., - - -/-- -I - - -

1.w - - - - -I - - - - =~

1.0 1.1 L2 33 14 L5 1.6 L7 LS 1.9 2-0

( @A) 
%.9 07

Figure 2. Graph showing (E)0 ver7us

W ve•u W



itJ

- - - - - - c

W '0

c-c

4t4
Illy

Mat-



.7 14

-t

ON

Ch

H~C-7

M,;;a INW.- -M0i

WIRLH ýý11.

ztwil j

1 fl!;1 L
C)i O

Hui



HT•F

TP.,

al(N

.. ...iV: ~

4-kc

7F- 777

........ il-` N l il
itL

1:4



L, qii LLa Int

30

10-7
T

10.'

1.5 1.5

'a-S

14 10

9 .2

4 7

77

7 77

5 5 -- 3

4 4

T %D.
3 :30

Figure 6. Nomogram for calculating two-legged duct
problems.



__lJim-.; ass I f I ed

Security Classification

DOCUMENT CONTROL DATA- R&D
(Secu1rity clasaslfcation of Iotl*, body of abstract aid indexing asnnotetion must be entered w.*hen the overall report le cisl'piiod)

1. OC,:iI.TIN G ACTIVITY (Corporele author) 2a. REPORT SICURITY C LASSIFICATION

Uncl ass i flIed
U. S. Naval Civil Engineering Laboratory casifldd
Port Hueneme, California

3. REPORT 

TITLEA SIMPLE METHOD FOR CALCULATION OF GAMMA-RAY SHIELDING PROPERTIES OF SHELTER
ENTRANCEWAYS

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)

Interim report January 1964 through August 1964
S. AUTHOR(S) (Last name, first name. initial)

Huddleston, Charles M.

6. REPORT DAVE 7a. TOTAL NO. OF PAGES 7b. NO. Or REFS

26 October 1964 14[ 3
Oa. CONTRACT OR GRANT NO. 9s. ORIGINATOR'S REPORT NUMBER(S)

DASA 11.026
b. PROJECT NO. Y-F008-08-05-201 TN-651

C. 91b. O T HER IR P oR T N O(S) (A ny other numbers that may be assigned
this report)

d.

10. AVA IL ABILITY/LIMITATION NOTICES

Qualified requesters may obtain copies of this note from DDC.

I1. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Bureau of,. Yards and Docks

13. ABSTRACT

An empirical equation is described for calculating the'attenuation factor
for gamma radiation within a ducted entranceway into a shelter. Some sample
problems are worked, and a discussion is given of the accuracy of the formula.

-his research was funded by the Defense Atomic Support Agency through the
Bureau of Yards and Docks under DASA Subtask No. 11.026.

0 0



Unclass iflied
Security Classificatin-i _... . .. .. . . . .

14, LINK A LINK 9 LINK C

KCEYWOROS ROLE WT ROLE WT IROLE eT

EMPIRICAL EQUAXIONS 8
FORMULAS 8
COMPUTAT I ON 4
ATTENUATI ON 9
RADIATION 9
GAMMA RAYS 9
DUCTS 5
SHELTERS 5

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address imposed by security classification, using standard statements
of the contractor, subcontractor, grantee, Department of De- such as:
fense activity or other organization (corporate author) issuing (1) "Qualified requesters may obtain copies of this
the report. report from DDC.."

2a. REPORT SECURITY CLASSIFICATION: Enter the over- (2) "Foreign announcement and dissemination of this
all security classification of the report. Indicate whether
"Restricted Data" is included. Marking is to be in accord-
ance with appropriate security regulations. (3) "U. S. Government agencies may obtain copies of

this report directly from DDC." Other qualified DDC2h. GROUP* Automatic downgrading is specified in DOD Di-uer sh lre ettrog

rective 5200. 10 and Armed Forces Industrial Manual. Enter users shall request through

the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 as author- (4) "U. S. military agencies may obtain copies of this
ized. report directly from DDC. Other qualified users

3. REPORT TITLE: Enter the complete report title in all shall request through-
capital letters, Titles In all cases should be unclassified. - . .
If a meaningful title cannot be selected without classifics-
tion. show title classification in all capitals in parenthesis (5) "All distribution of this report is controlled. Quai-
immediately following the title. ifled DDC users shall request through

4. DESCRIPTIVE NOTES. If appropriate,' enter the typeof - ,"
report, e.g.. interim, progress, summary, annual,, or. final. If the report has been furnished to the Office of Technical
Give the inclusive dates when a specific reporting period is Servicesi Department of Commerce, for sale to the public. indi-
covered. cate this fact and enter the price, if known.
S. AUTHOR(S); Enter the name(s) of author(s) as shown on I11. SUPbLEMENTARY NOTES: Use for additional explana-
or in the report. Enter last name, first name, middle Initial. tory note6.
If military, show rarn and branch of service. The name of
the principal author ma an absolute minimum requirement. -12. SPONSORING MILITARY ACTIVITY: Enter the name of

6 the departmental project office or laboratory sponsoring (pay-6. REPORT DATF,: E nter the date of the report as day, iri for) the research and development. Include address.
month, year; or month, year. If more than one date appears
on the report, use date of publication. 13. ABSTRACT: Enter an abstract giving a brief and factual

summary of the document indicative of the report, even though
7a. T01 At, NUMBER OF PAGE•S: The total page count it may also appear elsewhere in the body of the technical re-boild follow normal pagination procedures, i.e., enter the port. If additional space is required, a continuation sheet shall
nurtirer of pages containing information, be attached.

?b. NUMbER OF REFERENCES- Enter the total number of It is highly desirable that the abstract of classified reports
references cited in the report. be unclassified. Each paragraph of the abstract shall end with
9.. CONTR.'X"T OR GRANT NUMBER: If appropriate, enter an indication of the military security classification of the in-
the applicable number of the contract or grant under which formation in the paragraph, represented as (TS). (S), (C). or (U).
the report was written. There is no limitation on the length of the abstr3ct. How-

8h, &-, & 8d, PROJECT NUMBER: Enter the appropriate ever, the suggested length is from 150 to 225 words.
military department identification, such as project number,
sib|projec i number, system numbers, task numUer, etc. 14. KEY WORDS: Key words are technically meanigful tený

or short phrases that characterize a report and may be used aslht- ORIGINATOR'S RE.PORT NUMBER(S): Ew'er the offi- index entries for cataloging the report. Key words must be
Sial rport number by which the document will be identified selected so that no security classification is required. Identi-"ittl controlled by the originating activity. Thin number must fiers, such as equipment model designation, trade name, militur,
t,- ,niuclw. to this report. project code name, geographic location, mav be used as key
I)! OTII-R REý,PORT NUMBER(S): If the report has been words but will be followed by an indication of technicol con-
.11-:,1911..1 ,i' ,hti itortu nurabern (either by th' originator text. The assignment of links, roles, and weigp n- lonol.

.vwi,•or), at4no enter this number(s).

fi.1j.lM ,xt[TYiIIMITA'rION NOTICES: Enter any liei-
L01-1 t f'lSti I - :. I ,-ii natiron of the report, other than those

l(J



W.44~~~~~ LOA C10A.kItXAA

ILr F,~ $3~ Iii; '


